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A BIOCHEMICAL AND PHYSIOLOGICAL STUBY OP THE INSOLUBLE
PECTIC MATERIALS IN VEGETABLES AND PRUITS.
INTRODUCTION.
A number of recent investigations on the chemistry 
of the pectic substances have renewed an interest in these 
plant constituents. Their importance in various physio** 
logical processes has also been recently emphasized by 
several investigators. However, very little study has 
been devoted to these materials in vegetables. This 
paper deals chiefly with the occurrence, extraction, and 
quantitative determination of the insoluble pectic sub­
stances in typical vegetables. A comparative study was 
also extended to a typical fruit, where the transformation 
was studied.
HISTORICAL REVIEW.
The important contributions of previous work on the 
pectic constituents will be emphasized and grouped under 
four general aspects of the subject.
1. Physical and Chemical Properties.
The older workers named and described a number 
of pectic substances, but at the present time only the 
following compounds are recognized and well defined: pec­
tin, protopectin, pectic acid, and the pectates. Fellen- 
berg (18) describes the physical properties of the pectins 
as follows: They are reversible colloids which upon ad­
dition of water swell into pasty masses that finally go
Into solution* The opalescent solution is clear in trans­
mitted light, turbid in reflected light, and shows under 
the ultra-microscope numerous particles in continual mo­
tion* If alcohol is added to a concentrated pectin solu­
tion, usually, though not always, the pectin is precipi­
tated as a jelly while from a dilute solution it is pre­
cipitated as a flocculant mass* Not all pectins have the 
same properties* For example, pectin from Swedish beets 
dissolved much more readily, and gave less viscous solu­
tions than pectins from fruits*
The specific rotation of pectin varies with its 
source and method of extraction from the tissues* Scheib- 
ler (39) found a specific rotation of (A)^ s 4* 200 for 
pectin from beets* Extracting the same material with di­
lute hydrochloric acid Andrlik (l) found A ^ - 4 “ 214-220 
Javillier (28) found for quince pectin (A)d - +  188*2, 
while Bourquelot (6) found (A)gs 4* 82.3 in pectin from 
Gentian root* Ehrlich (15) obtained pectin from sugar 
beets giving (A)d a 4* - 155* Clayson Norris and
Schryver (13) extracting various vegetables with 0*5 per 
cent ammonium oxalate solution obtained pectins ranging 
from (A)d« 4- 240 to 284* Charpentier (11) found a ro­
tation of (A)4 154*5 in pectin from the Celery root,
119*8 in that of Japanese artichoke, and 170*5 in Orange 
peel pectin* Foore (36) found specific rotations of 
(A)4 8 «+• 217*1, 229*7, and 214 for the pectins from ap-
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pies, lemons, and oranges, respectively.
Fremy (20) believed the ratio of H :0 in pectins was 
much greater than 1:8 and therefore that the pectins 
could not be carbohydrates. Giraud (21) classed the pec­
tins with the mucilages. Martin (32) showed that great 
fluctuations in the ratio of H :0 from 1:8 was due prin­
cipally to impurities. Pollens and Tmgipe de Haas (45) 
prepared pectins from a number of sources and purified 
them as much as possible* before determining the ratio 
of 1:8 and suggested the presence of carboxyl groups, 
possibly joined in the manner of lactones. Scheibler (39) 
obtained arabinose from metapectic acid, a decomposition 
product of pectin. Evidences of a galactose radical in 
pectins was subsequently found by Herzfeld (25). More 
recently Fellenberg (1?) found besides pentose and galac­
tose, evidence for methyl pentose. Ehrlioh (15) claims 
to have actually isolated galactose. Charpentier (11) 
isolated it in the form of the B-ethyl galactoside.
Fellenberg (17) investigating the source of methyl 
alcohol in wines discovered that it came from the pectins. 
He showed that this group is easily split off by dilute 
alkali and very slowly by dilute acid;;. He recognized 
the pectins as true esters, and postulated pectins with 
a number of carboxyl groups and more or less of these 
methylated. His work has been verified by Hhrlich (15) 
Sucharipa (44), Poore (36) and Tutin (48). The latter 
reported besides methyl alcohol the constant occurrence 
of acetone, which he assumes to be combined in the form
3 •
of isopropyl alcohol.
Fellenberg assumed that no new constituent of the 
pectins would be found since when he added up the consti­
tuents in the form of their anhydrides he obtained approx­
imately 100 per cent. Thus he obtained for orange pectins
41.0% arabinose ~  36.1% araban
6.7% methyl pentose =  6.0% methyl pentosan
54.8%galactose =  49.3% galactosan
11.5% methyl alcohol =  11*5% methyl alcohol 
Total 102.9%
As a result of his investigations Fellenberg pre­
dicted that the acid character of pectins was due to galac­
tose which was probably present in the form of the corres­
ponding acid.
Ehrlich several years later actually isolated d-galac- 
turonic acid from pectin. By earefully controlled hydroly­
sis he obtained two different compounds, one, a galactose- 
galacturonic acid, and the other, d-tetra-galacturonic acid.
He considered pectin to be the caleitun-magnesium salt of 
anhydro-arabino-galaetose-methoxy tetra-galacturonie acid.
Fremy (20) called the insoluble pectic substance which 
during the ripening of fruits gave rise to pectin, "pec- 
tose". Tschirch (47) much later called it protopectin. 
Fellenberg states that no way is yet known of extracting 
protopectin from tissues. Bechamp (2) also suggests that 
we can scarcely expect to do this since it is changed not 
only by all chemical agents, but by hot water itself.
The theory that protopectin is some sort of cal-
clam compound was held first by Bremy. On the other 
hand it has been considered by Mangin (30) to be a com­
pound with cellulose. Fellenberg claims to have proven 
conclusively that protopectin is not calcium pectate. 
Finally Smolensk! (42) suggests that protopectin may be 
a compound between pectin and a pentosan.
Braconnot (8) first extracted pectin acid. He 
noted its acid properties, its ready solubility in al­
kali and its ability to form an abundant jelly when pre­
cipitated with hydrochloric acid. He also prepared the 
ammonium and potassium salts and determined the ratio 
of potash to acid by incineration to be lb parts of the 
former to 85 parts of the latter. Ullik (49) described 
pectic acid as being a white amorphous jelly not solu­
ble in water, alcohol, or ether, but easily in alkalies. 
Its specific rotation varies from (A)^- «+* 185 to 300, 
and is not altered by conversion into salts. Chodnew 
(IE) describes pectic acid as colorless and when dry 
easily powdered. It is slightly soluble in hot water, 
and can be obtained almost free from ash by repeated 
precipitation from water solution with alcohol contain­
ing a small amount of nitric acid.
Other salts have been prepared by Fremy, Chodnew, 
and Fellenberg. Only ammonium and the alkali salts are 
soluble In water. Fremy discovered that pectic acid 
and the pectates were soluble in the neutral solutions
m § e.
of ammonium oxalate, tartrate, and citrate. Mangin be­
lieved that these formed double salts with pectic acid.
The acid character of pectic acid was recognized 
by Braoonnot. Herzfeld (25) states that at high temp­
erature it produces a slow inversion of cane sugar. 
Fellenberg states that it will slowly expel carbon di­
oxide from its salts. He showed that one gram of orange 
pectic acid neutralized 43 c.c. of N/lO HaOH; of apple 
pectin acid 46 co. N/lQ NaOH. Erhlich found one gram 
of beet pectin equivalent to 15 c.c, H/10 NaOH. Schry- 
ver and Haynes (40) found a capacity for 44.2 c.c. of 
N/10 NaOH, while Poore found for apple, lemon, and 
orange pectins a requirement of 36.4, 37.8, and 36.9 
c.c. H/lQ ffaOH respectively.
Fellenberg showed by saponification and neutrali­
zation experiments that pectic acid differs from pec­
tin only by a OHg group for each carboxyl group present. 
This results from the fact that the group COOCHg in pec* 
tin becomes COOH in pectic acid. He postulates eight 
carboxyl groups in pectic acid. In pectins these are 
more.or less methylated, the more carboxyl groups being 
methylated the more soluble being the resulting pectin. 
Pectic acid according to him contains two moles of ara- 
binose, one mole of methyl pentose, one mole of galac* 
tose, and eight moles of galaeturonic acid, the latter 
containing the carboxyl groups. Sucharipa has suggested
- 6 -
that peotic acids may he joined to cellulose through 
carboxyl groups and the remaining carboxyl groups may 
he methylated#
2# Extraction from tissues and Quantitative Peter* 
mination.
Braoonnot obtained pectin hy filtering fruit 
juice and precipitating with two volumes of alcohol# 
Bourquelot and Herissey (?) introduced a material im­
provement into the preparation of pure pectins by first 
extracting all alcohol-soluble materials with boiling 
alcohol# Besides removing considerable material this 
at the same time converted much protopectin into pec­
tin# The latter was then removed by heating in an auto­
clave under pressure#
Fremy found that by coofcing fruit he obtained much 
larger quantities of pectin and believed that this was 
due to the transformation of protopectin into pectin 
under the influence of acid. He produced pectin arti­
ficially by heating the insoluble fruit residues with 
dilute organic or mineral acids. Similarly, Chodnew 
(IB) obtained a pectin from beet marc by heating with 
dilute hydrochloric acid. He called it "pectinige acid" 
and thought it might be the same as Fremy obtained from 
fruit although it had a slightly acid reaction.
T80hirch (47) on the other hand, advocated the use of 
concentrated sugar solutions to extract the pectin; the 
insoluble pectin was not disturbed as was the case in
heating with dilute acid.
That protopectin is not hydrolyzed hy alkali has 
heen shown recently by Parnell (16) and Hardy (23).
Fremy states that no means is known for isolating 
protopectin in pure form, and fellenberg much later 
still corroborates this statement. However Sucharipa 
claims to have dissolved away a part of the cellulose 
of the cell walls of orange peel and obtained a residue 
of pure protopectin. IShen the protopeotin was hydro­
lyzed with ammonium oxalate solution some cellulose was 
this
released but/had been chemically united to the pectin.
Pectic acid was extracted by the older workers 
with dilute alkali. Chodnew used dilute ammonium hy­
droxide solution and believed this dissolved the "free" 
pectic acid. After making an acid extraction of the 
beet pulp, he was able to extract, by means of sodium 
hydroxide, additional pectic acid. Mangin working mi­
cro chemically, used ammonium oxalate^ tartrate, and citrate 
solutions to extract pectic acid and the pectates.
The early investigators (29) estimated the pectin 
content by precipitating with alcohol, drying and weigh­
ing. A rather detailed method for the analysis of 
various pectic compounds is given in Grandeau’s hand­
book (22). Pectin is removed from tissues by extrac­
tion with water. Its quantity is determined by con­
verting to pectic acid with alkali, dissolving in a
mrn Q m
solution of ammonium oxalate, and precipitating as 
calcium oxalo-pectate with a solution of calcium ace* 
tate. Calcium peotate on the other hand, is determined 
by first extracting the calcium with alcoholic hydro­
chloric acid, and then extracting the pectic acid in 
the residue with ammonium oxalate solution* Pectose 
is first converted into pectic acid by weak alkaline 
hydrolysis and the latter is determined as in the pre­
vious cases* Fellenberg (17) developed a method for 
determination of pectin based on the quantity of methyl 
alcohol liberated in a tissue by alkali4 for he found 
that methyl alcohol was not split off of any other 
group there, under the conditions of the determination# 
Carre and Haynes (9) developed a method for soluble 
pectin based on its conversion into caloium pectate. 
Carre (10) worked out a method for protopectin# She 
first converted the protopectin into pectin by dilute 
acid hydrolysis and then determined the latter by the 
Carre and Haynes method just mentioned. Finally Wich- 
man and Chernoff (50) have developed a method for pec­
tin in connection with ^elly-manufacture# In this 
method the pectin is converted into pectic acid, dried, 
and weighed as such. It is then ignited and the weight 
of ash subtracted#
3# Occurrence in the Tissues#
The exact location of the pectic material 
in tissues has not caused much confusion for it was 
either considered to exist principally in the middle
lamella or uniformly throughout the cell wall layers* 
However, two very divergent schools have arisen as to 
the nature of the substance existing there* One school
holds that an insoluble substanceb exists in the tis­
sues and is changed by dilute acids into pectin* Among 
the advocates of this theory were first Fremy, then 
Mulder (33), Poumarede (37), Tschirch and later Fellen­
berg* Fremy noted that this substance was closely as­
sociated with the cellulose* Mulder thought that it 
was equally distributed throughout the cell wall layers* 
Tschirch studied it by means of sugar solutions and 
stains, especially in ripening fruits* However, he 
did not deny that calcium pectate could exist in
certain parts of the cell wall*
Ihe other school consisting of Payen (3b), Chodnew*
Stude (43), Devaux (14), and more recently Clayson,
K d sHorris and Schryver, hwpi held to the view that the 
pectin is in some way tied to calcium* Payen believed 
that the pectic substances were localized in the middle 
lamella, where as calcium and potassium pectate they 
acted as binding materials for adjacent cell walls* 
Chodnew believed because part of the pectic acid in 
beets could only be extracted with potassium hydroxide, 
that this pectic acid must be there in combined form, 
perhaps with calcium. Stude thought tha action of 
dilute acid was to break off the calcium radical from 
the insoluble compound* Devaux believed that the prin-
10 -
oipal constituent of the middle lamella was calcium 
peotate, for the solubility of the changed pectose was 
entirely the same as for pectic acid.
Mangin studied very carefully the cell walls of a 
large variety of plants* By means of differential stains 
and solvents he showed that the middle lamella consists 
of pectic acid and pectates chief srmong which latter 
was calcium pectate* The cellulose layer on the other 
hand9 was intimately associated or chemically united 
with another insoluble substance, the pectose* The 
t o  that pectates also occur in cell walls has more 
recently feeen shown by Oden (34)*
4* Transformations and Physiological Importance*
Fremy first called attention to the trans­
formation that occurs in the pectic materials of fruit 
during ripening. The insoluble pectic material, under 
the influence of the acid contained in the cell sap, is 
brofcen down into pectin* Tschirch further confirmed 
the worfc of Fremy. He followed the course of the peo- 
tic transformations microscopically and called them 
"pectin metamorphosis". Xater Carre (10) actually de­
termined the amount of soluble pectin and protopectin 
in apples during storage. She found that, roughly, as 
the protopectin decreased in amount the pectin increas­
ed.
The transformation of the pectic materials in vege­
table tissues has not been studied as thoroughly as in 
fruits* Mangin, after detailed study of many species
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of plants concluded that in the aging of tissues and 
the formation of intercellular spaces the calcium pec­
tate increases more and more, the middle lamella loses 
its cellulose content, and stores up calcium pectate 
in the form of halls and rod-like masses* At the same 
time the intercellular spaces become coated with a 
layer of calcium pectate* These changes are brought 
about through the combined action of the protoplasm and 
the osmotic pressure of the cell sap* Bectose, first 
laid down ip the young membrane is changed to pectic 
acid and pressed by the osmotic pressure little by 
little through the molecular interstices of the mem­
brane toward the exterior where it accumulates in the 
middle lamella*
Fremy first discovered the enzyme pectase which 
could act on pectin and convert it into pectic acid* 
Bertrand and Mallevre (4) found pectase to be very 
widely distributed. They held that pectase did not 
act except in the presence of a calcium salt and that 
the product formed was not pectic acid but calcium 
pectate* Tutin showed that the pectase*? produced the 
same effect upon pectin as did alkalies* Bourquelot 
and Herlssey discovered pectinase, an enzyme in bar­
ley malt which splits pectins, as well as calcium pec­
tate into reducing sugars* This enzyme prevents the 
action of pectase* Sideris (41) has recently studied
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the effect of hydrogen ion concentration upon the 
pectinase from Fusarium cromyphthoron. Beij'erinck 
and Delden (3) discovered an anzyme which they called 
pectosinase, and which was excreted hy a large number 
of bacteria* During the retting of flax this enzyme 
attacked the pectose of the middle lamella, changing 
it first into pectin, and then into sugars# This 
transformation permitted the fibers to be separated.
Tschirch states that the significance of the pec-* 
tic transformation is to loosen the tissue, and pre­
pare the way for the decomposition of the fruit, as 
well as the isolation of seeds. True (46) believes 
the permeability of the cell walls is much modified 
by the nature of the me tal combined with the pectic 
acid. Howe (8?) suggests that the acidity of root 
hairs, and their consequent solvent action on the soil 
minerals may depend on the pectic material contained 
there. Oden believes that the pectic substances in 
cell wall membranes acts "as a regulator for the hy­
drogen and hydroxyl ion content" of the cells. Samp­
son (38) accounts for abscission and leaf fall on the 
basis that chemical changes occur in the pectic con­
stituents at the abscission layer. Hooker (26) has 
ascribed the hardiness in certain vegetables to the 
accumulation of a pentosan which can be made soluble 
by boiling with water, and which is therefore undoubt­
edly protopectin. Finally, Harter (24) and Blackman 
(5) emphasize the importance of the pectic substances
- 13 -
in determining the resistance or susceptibility of var­
ious plants to fungous diseases.
EXPERIMENTAL.
X. Quantitative Determination of the Insoluble Pectic 
Materials in Vegetables.
, . She Carre Method for Protopectin.
The only method for the quantitative deter­
mination of protopectin which has been proposed up to 
the present is that of Carre (10). As worked out by 
her for apples it is, briefly, as follows: The finely
ground material is covered with 100 c.c. of N/20 hydro­
chloric acid, placed in an autoclave, and heated at 
110°C for one hour. This process hydrolyses the pro­
topectin, which thereby yields pectin. The latter is 
washed out of the residue and determined by the Carre
and Haynes method for soluble pectin (9).
In attempting to adapt the Carre method to vegetable 
tissues it was first necessary to know whether the con­
centration of acid, and temperature and time of heating 
would give the best results. Consequently these condi­
tions were systematically varied and applied to differ­
ent vegetable material, first some potato pulp, thor­
oughly washed with water and dried, was heated under the 
conditions of the Carre method with different concentra­
tions of hydrochloric acid. Next, using the optimum 
acidity thus found, the temperature was varied. With 
these two conditions fixed, the period of heating was 
varied, finally, using potatoes, parsnips and onions
14
the effect of different acid concentrations under the 
conditions of temperature and time of heating already 
found most suitable * was determined. The results ob­
tained in this series of experiments are shown in tables 
I - IV, and in figures 1 - 4.
TABLE I* Amounts of Calcium pectate obtained by appli­
cation of the Carre method to potato, using 
different concentrations of acid.
Calcium







0 0 0 
§ 0 0
0 0 0
H/50 j N/30 ; N/20 5 u/10





0 0 0 
4.33 : 4*30 2 2.86 2 2*46
TABLE XI* Effect of varying the temperature in the Carre 
Method. IT/30 acid was used in all cases.
Calcium 
Pectate j













2.47 • 1.97 
*
2.40 \ .69
TABLE III, Effect of varying time of heating in the
Carre method, using boiling temperature and 
E/30 acid.
Minutes of boilingCalcium
Pectate 15 : 30 :
•
60 : 90 2 150
3.18 ; 3.97 ; 4.46 ; 4.1b : 3.93
Per cent 3.32 : 4.01 : 4.27 ; 4.15 2 3.55
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TABLE IV. Effect of varying the acidity at boiling temp­
era tnre for one hour.
Concentration of 
Hydrochloric Acid
Calcium Pectate Per cent
Potato Parsnip Onion
Distilled water • • * « 4.82 2.15
H/50 3.39 7.95 5.39
H/40 3.47 9.11 5.53
H/30 3.48 8.53 5.60
H/20 2.85 8.22 5.49
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1. Effect of varying the acid concentration in the Carre method on 
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2, fiffect of varying the temperature on the amount of pectin 
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Figure 3* Influence of period of heating with u/30 HC1 at hoiling temperature 
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Figure 4. Effect of concentration of acid at boiling temperature for one hour 
on liberation of pectin from potato, onion, and parsnip.
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In carrying out the proceeding analyses with the 
view of standardizing the Carre method for use with 
vegetable tissues, several difficulties were encounter­
ed, One of these was the difficulty of filtering vis­
cous starch solutions, such as are obtained, particularly 
in the case of potatoes. Trials with malt and taka- 
diastase were made, but while these solved the problem 
of viscosity, the diastase attacked and destroyed the 
pectin. However, this difficulty was completely solved 
by the use of saliva, which quickly reduced the vis­
cosity and did not attack the pectin. Difficulty in
v
filtering was also encountered in the case of onions.
This was not due to starch but to some other consti­
tuent contained in the material. This difficulty was 
fairly well solved by a preliminary extraction of the 
onion material with alcohol until most of the yellow 
coloring matter was removed. This apparently removed 
a gummy constituent which quickly clogged the filter 
paper.
Finally it was found that the protein in potatoes 
gave trouble. A certain amount of it was carried down 
with the calcium pectate precipitate, from which it 
could not be removed by washing. It was therefore 
dried and weighed with the pectate. This did not oc­
cur to an appreciable extent with either parsnips or
a
onions. It is/rather difficult matter to get rid of
these proteins because the ordinary metal protein pre- 
oipitants also precipitate the pectin. Some work with 
trichloracetic acid indicated that this reagent might 
be affective in removing the protein. However, because 
of the unknown action of such reagents on the pectin, it 
was believed better to develop the method first on mat­
erials in which the protein did not interfere. In the 
case of potato the protein was determined and subtract­
ed from the weight of calcium pectate.
Returning, now, to the tables and figures, we see 
that by varying the acidity, temperature, and time of 
heating a great variation in the amounts of calcium 
pectate was obtained. By varying the acid concentra­
tion in the Carre method it was found that N/30 concen­
tration gave the highest amount of calcium pectate. By
. pectfifVeusing H/30 hydrochloric acid as much c&lciunŷ ras obtained
at ordinary boiling temperature (about 100°C) as at a 
higher temperature, The average amount varied from 
4,36 per cent at boiling temperature to an uncertain 
1,33 at 126°C. The higher temperature began to be des­
tructive to the pectin at slightly above 110°C# Heat­
ing at boiling temperature with H/30 acid for a period 
longer than one hour also seemed to destroy some of the 
liberated pectin, Finally, boiling one hour at ordinary
pressure, the acidity was varied on potatoes, parsnips, 
and onions, Table IV, Again the amounts were quite
variable, being least for distilled water, and great-
23 -
9B$ for N/30 to N/40 concentration of acid.
The cause of the great variability in amounts of cal 
cium pectate obtained with different concentrations of 
acid merits further consideration.
Is it due to the fact that the pectin liberated is 
attacked by the dilute acid and partially decomposed so 
that it is not estimated by the Carre and Haynes method? 
This might account for the smaller amounts of calcium 
pectate obtained with the more concentrated acid solu­
tions. It would also account for the decreased amounts 
obtained with longer periods of heating or at higher 
temperatures. In order to get some light upon this 
question, an experiment was carried out on apple pectin. 
Aliquot portions of a solution of commercial apple pec­
tin (Certo) were heated for an hour with different con­
centrations of acid. The solutions were then filtered 
and the pectin in the filtrate determined. The per cents 
of calcium pectate thus obtained, based on the solids in 
the commercial product, are shown in table V.
TABLE V. Destruction of apple pectin at different acid 
concentrations.





H/30 S H/20 :: N/10
Per cent
20.42 : 19.69 :16.02
20.42 20.42; 20.28 19.98:17.66 17.84
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An inspection of table Y shows that increasing 
concentration of acid has a destructive effect upon ap­
ple pectin. The effect, barely appreciable for N/20 
over N/30, becomes very pronounced with N/lOth. It 
would seem, therefore, that the decrease in calcium 
pectate obtained with potatoes, parsnips, and onions 
by increasing acid concentration was due to the des­
truction of the pectin by the stronger acids# These 
experiments accordingly indicate that N/20 concentration
of hydrochloric acid of the Carre method is slightly
| ̂
too concentrated for hydrolysis of the protopectin^the 
vegetables employed in these experiments. On the other 
hand, table IY shows that the greatest amount of cal­
cium pectate is obtained with about N/30 concentration.
The foregoing experiments would suggest that the 
best procedure for the acid hydrolysis of protopectin 
in vegetables is to boil with N/30 to N/40th hydro­
chloric acid at atmospheric pressure for one hour, long­
er periods of boiling, or higher temperatures, or great­
er concentrations of acid all lead to destruction of a 
part of the pectin which has been liberated during the 
process of hydrolysis. This method will probably be ap­
plicable, therefore, to all vegetable materials which 
contain only protopectin but we shall now show its limit­
ations when applied to materials which contain other 
insoluble pactic compounds.
As previously pointed out, many of the earlier 
workers "believed that calcium pectate or pectic acid 
occurred in plant tissues. Mangin (30), particularly, 
developed this idea, and carried out many experiments, 
which he believed showed that the middle lamella of 
most soft parenchymous tissues consisted of pectic 
acid and pectates, chief among which was calcium. The 
cellulose layer of the cell wall, on the other hand, 
had closely associated with it, another insoluble pec­
tic substance, pectose, which was distinctly different 
from pectic acid and the pectates, It could be made 
soluble by boiling with dilute acid, while the pectates 
could not. In the course of his investigations he exam­
ined both potatoes and onions, and found evidence in 
them of calcium pectate and pectic acid. However, Man­
gin ls work, carried out by microchemical methods, seems 
to have been almost completely ignored by recent inves­
tigators, with the exception of the microchemists.
While Mangin used solutions of ammonium oxalate, tartrate, 
and citrate, to dissolve out the middle lamella, he 
apparently newer examined his extract for the material 
removed. While Schryver and Haynes (40) have used am­
monium oxalate solution to extract pectic materials, they 
have on the other hand ignored the protopectin.
Examination of potatoes, parsnips and onions with
cold solutions of ammonium oxalate showed at once that 
these materials contained pectic material in abundance
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which could he extracted with this reagent* The sub­
stance extracted could he precipitated in the form of
a transparent gel upon adding a small amount of hydro­
chloric acid, and this gel had all the physical and 
chemical properties of ordinary pectic acid. After 
being filtered off and washed it could be dissolved in 
dilute alkali and precipitated in the form of insolu­
ble calcium pectate upon addition of acetic acicj. and 
calcium chloride, as in the Carre and Haynes method 
for soluble pectin. The solubility of calcium pectate 
and pectic acid in ammonium oxalate solution was readi­
ly demonstrated. The evidence seemed beyond dispute, 
therefore, that the vegetables contained large quanti­
ties of pectates.
In order to obtain more definite information as to 
the dual nature of the insoluble pectic materials in 
vegetables, it was decided to first hydrolyse the pro- 
topeetin and then examine the residue for pectates.
One gram samples of parsnips were heated with 100 c.c. 
of H/50 hydrochloric acid for one hour, then filtered 
and thoroughly washed. The residues were now washed 
back into the flasks and one lot treated with 100 c.c. 
of 1% ammonium oxalate solution. The other lot was 
again extracted with 100 c.c. of H/30 hydrochloric acid. 
The mixtures were all heated at boiling for an hour, 
after which solutions were filtered off and the residues
washed*
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The filtrates from the second acid extraction were 
treated by the Carre and Haynes method for pectin*
The filtrates from the ammonium oxalate extraction were 
acidified with concentrated HCl and the pectic acid, 
thus precipitated was filtered and washed. When the 
oxalate ion had been removed the pectic acid was dis­
solved through the paper with 100 c.c. of 0.1 normal 
sodium hydroxide solution, and the filtrate was diluted 
to 400 c.c. Calcium pectate was precipitated by the 
Carre and Haynes procedure. The amounts of calcium pec­
tate obtained are given in table VI*
TABLE VI. Pectic material remaining in parsnips after 
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Upon examination of the table we see that both 
ammonium oxalate and acid removed additional pectin
material, although the ammonium oxalate solution remov­
ed the most. We may account for the pectic material
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removed by the ammonium oxalate solution as coming from 
the pectates. However we are at a loss as to how to 
account for the pectic material extracted by the second
application of N/3G hydrochloric acid. From the results
shown in tables III and IV we should have expected the 
protopectin to have been completely hydrolysed. What 
then is the source of this pectic materialY
In attempting to answer the question of the pre­
vious paragraph, it was recalled that frequent reference 
is made in the literature to a slight solubility of 
pectic acid. The thought occurred that the action of 
the dilute acid might be to split the calcium off of 
any calcium pectate contained in the tissues and dis­
solve a portion of the resulting pectic acid. Or pec- 
tie acid itself, if it occurred as such, could be dis­
solved. In order to establish this point the follow­
ing experiment was carried out: 0.1 gram samples of
calcium pectate, prepared by the Carre and Haynes method 
and therefore fairly pure, were covered with 100 c.c. 
of H/30 hydrochloric acid and heated at the boiling 
point for one hour. The solutions were filtered and the 
filtrates treated according to the Carre and Haynes 
method for soluble pectin. In every case a visible gel 
separated out. In a couple of cases the residues from 
this * extraction were washed from the filter paper in­
to a small beaker dried, and weighed. The amounts of
calcium pectate thus recovered together with the amounts
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of residue remaining are given in table VII.
TABLE VII. Effect of heating calcium pectate with N/30 
fiCl for one hour.
Source of 
Calcium Pectate Calcium Pectate from filtrate
Residue after 
treatment
Actual Wt. Per Cent Actual Wt. Per Cent
Peach pectin 0.0133 13.3 . • • •
Peach pectin .0099 9.9 . . . « • « ....
Peach pectin .0121 12.1 0.0610 61.0
Onion .0170 17.0 « 4 < •
Onion .0175 17.5 « • • • • « e « i «
Onion .0098 9.8 0.0512 51.2
From this table it is evident that the procedure for 
hydrolysing protopectin will extract very appreciable 
quantities of calcium pectate. This is shown not only by 
the amounts of calcium pectate recovered from the filtrate, 
but also from the fact that from 39 to 49 per cent of the 
calcium pectate is lost from the insoluble residue during 
the process. The actual weight of calcium pectate dis­
solved by 100 c.c. of H/30 hydrochloric acid varies from
0.0098 to .0173 grams. Therefore, the amount of calcium 
pectate obtained from the parsnip in Table VI can easily
be accounted for as coming from the pectates* for which 
the ammonium oxalate was the more efficient solvent.
The results of the experiment ^ust described have an
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important bearing on the Carre method for determination 
of protopeotin in case pectates are present. They would 
indicate that in such cases, as for example in vegetables« 
the protopectin determination would he too large because 
of the pectates dissolved at the same time*
Extraction of Pectates*
The following experiments are intended to show that 
the pectates cannot be extracted quantitatively before re­
moval of the protopectin. In using ammonium oxalate solu­
tion to remove the pectates it is, of course, necessary to 
have the solution cold, since hot solutions readily hydrolyse 
protopectin. This fact is shown by the results of Tables 
I and IV where distilled water gave from S.lb to 4.62 per 
cents of calcium pectate in onion and parsnip respectively. 
One gram samples of parsnips were extracted alternately with 
one per cent ammonium oxalate and N/30 hydrochloric acid.
The order of the extractions and the amounts of insoluble 
pectic compounds removed by each extraction are shown in 
table VIII.
TABLE VIII. Insoluble pectic compounds removed from vege­
tables by alternate extractions with ammonium 
oxalate and hydrochloric acid. Determined as 
Calcium pectate.
: Calcium Pectate
Order of Extraction j_______ Per cent
Onion Parsnip
Ammonium oxalate 44 hours 2.33 4.77
Second extraction with ammonium 
oxalate 0.00 0.00
E/30 Hydrochloric acid 1.21 _ _ £.09
Third extraction with ammonium 
oxalate 3.63 3.14
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This table shows that one extraction with ammonium 
oxalate solution removed all the pectates that can be 
removed until the protopectin is gotten rid of. After 
the protopectin is removed with H/30 HCl a second large 
quantity of pectates can be extracted with ammonium oxa­
late. In the case of the onions this was greater than 
the amount obtained by the first extraction. The expla­
nation of this result is not at present evident. Possib­
ly the pectates, obtained by the last extraction, were 
held from the first extraction by impermeable walls, com­
posed partly of cellulose, partly of protoppetin. On the 
other hand it may be possible that the pectates obtained 
in this last extraction were chemically united in some 
way and were only released by the treatment for protopec­
tin. In any ease it is shown that the first extraction 
with ammonium oxalate is insufficient to remove all the 
pectate. We are again confronted with the difficulty of 
removing the protopectin without dissolving the residual 
pectates. Therefore, a separate quantitative removal of 
either protopectin or pectates appears to be impossible*
Combined Determination of Ifrotopectin and Pectates*
An attempt was now made to overcome the objections 
to the removal of either of the insoluble pectic com­
pounds separately by developing a method which extracts
both constituents simultaneously. In combining the ex­
traction of the two it is possible to use a hot solution
of ammonium oxalate since in this case the hydrolysis of
31
protopectin is desired. Furthermore a hot solvent may 
be expected to be much more efficient as an extracting 
agent.
She first combined solvent tried was composed of a 
1 per cent solution of ammonium oxalate in IT/30 hydro­
chloric acid. Samples of parsnip were heated under a 
reflux condensor with this solution for an hour* The 
mixtures were allowed to cool, filtered, and the resi­
dues thoroughly washed with water. The filtrates were 
just neutralized with normal sodium hydroxide. Pectic 
acid was precipitated by addition of sufficient hydro­
chloric acid to give a 1 per cent solution. Pectin, from 
protopectin, was not precipitated by this treatment. The 
pectic acid was filtered off. The filtrate was first 
neutralized and then treated with sodium hydroxide to 
saponify the pectin. After standing for £4 hours the 
pectic acid was precipitated with 1 per cent hydrochloric 
acid and converted into calcium pectate. At the same 
time some samples of parsnips were extracted as above and 
the filtrates subjected at once to alkali hydrolysis 
without attempting to separate the pectates and pectin 
from protopectin. The total amount of pectic material 
thus obtained is to be compared with the sum of the pec­
tin and pectates, determined separately. See table IX*
TABLE IX. Quantitative separation of the insoluble
pectic materials in parsnips by the method 





Pectin from protopectin 1*75
Pectates and Pectin, not separated 9.71
In the experiment just described the pectic 
acid has in every case been precipitated with 1 per 
cent hydrochloric acid. While precipitation by this 
method seems to be quite complete, still this proced­
ure is open to two serious objections. First, the 
strong acid may chemically alter the pectic acid in 
some way as has been contended recently by Wichmann 
(50). In the second place it is necessary to wash the 
pectic acid considerably in order to remove the oxa­
late ion and during this washing a certain amount of 
pectic acid is dissolved and lost in the wash water.
On the other hand a procedure which would decrease the 
long process of converting the pectic material into 
calcium pectate would be a distinct advantage, since 
the procedure given in the preceding experiment is 
quite long and tedious. All these difficulties and 
objections were happily solved through the use of
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ammonium citrate solution in place of ammonium oxa­
late.
Ammonium citrate is an efficient solvent for 
calcium pectate and pectic acid. On the other hand, it 
has a peculiar property in that it does not give a 
precipitate, in the cold, with solutions of calcium 
chloride, even in concentrated solution, and in spite 
of the fact that calcium citrate is very insoluble* 
However, when solutions of ammonium citrate and cal­
cium chloride are boiled a precipitate of calcium ci­
trate separates out immediately. These facts permit 
of an important improvement in the procedure for the 
combined determination of protopectin and pectates*
The following experiment was planned to determine 
the time of extraction with ammonium citrate to effect 
complete extraction of the pectates following the acid 
treatment of the tissue.
Samples of the same parsnips used in the previous 
experiments were heated with H/30 hydrochloric acid for 
one hour. The mixture was then neutralized with sodium 
hydroxide, and treated with 1 per cent ammonium citrate 
solution. It was again boiled for different periods, 
allowed to cool, and filtered. The residues were thor­
oughly washed with hot water. The filtrate and wash­
ings were allowed to cool and made to mark in a vol­
umetric flask. Two aliquots were removed from each 
flask. One was treated with sodium hydroxide for a
34 -
period of about 24 hours to saponify the pectin. It 
was then treated as in the Carre and Haynes method for 
soluble pectin. The other aliquot was treated direct­
ly with acetic acid and calcium chloride. In this lat* 
ter, only the pectate precipitated, the pectin remaining 
in solution since calcium chloride does not precipitate 
pecfih. The calcium pectates were filtered off, and 
thoroughly washed with cold water in order to remove the 
citrate ion which would otherwise be precipitated as 
calcium citrate in the subsequent heating. Finally 
the gel was washed back into the original bea&er and 
boiled with a considerable volume of distilled water 
for several minutes to extract any remaining soluble 
salts. The calcium pectate was filtered hot, washed until 
free from chlorides, and finally transferred to a small 
beaher where the water was evaporated off, and the ge1 
dried. The results obtained by this procedure are 
given in table X/ The pectic materials are calculated 
as calcium pectate. Pectin is obtained by difference 
of the saponified and non-saponified determinations.
TABLE X. Results obtained by varying the time of heat­
ing with ammonium citrate.
Time of Boiling 
with ammonium











15 9.60 6.79 2.61
30 9.92 7.24 2.66
70 9.40 7.04 2.36
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This table brings out several interesting facts .
It shows that 15 minutes boiling with ammonium citrate 
solution is not sufficient to give the maximum amount 
of total pectic material. (Pectin and Pectates). It 
shows that as the boiling is continued there is a steady 
decrease in the amount of pectin. About 16 per cent 
of the pectin is lost between the periods of 15 minutes 
and 10 minutes heating. This loss suggests the simi­
lar result that was noted in Table III* Since, however, 
the solution here was neutral, it is indicated that 
a loss of pectin occurs even when boiled in neutral 
solution. The total amount of pectic material obtain­
ed' here agrees very closely with the amount obtained 
and shown in Table IX and X. The amounts of pe ctin 
obtained are considerably greater than shown in those 
tables. It would seem likely that the lower amounts 
of pectin obtained previously was due to the necessity 
of precipitating the pectic acid with strong acid which 
splits off some of the alcohol from the pectin. Pellen- 
berg (18) states that acid does this slowly.
In view of the fact that heating slowly destroys
the
the pectin it seems advisable to make/heating period 
as short as possible. By reference to Table III, it 
will be noted that almost the maximum amounx of pec­
tin was obtained after heating for thirty minutes. If
now, the heating with acid were stopped, the acid neu­
tralized, ammonium citrate solution added, and the boil-
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lug again continued for thirty minutes, the total 
time of heating could he considerably shortened with­
out shortening the time of heating with the citrate. 
Bearing in mind all these considerations, a method 
for the quantitative separation of protopectin and 
pectates, using a combined extraction is suggested 
as follows: From 1 to 3 grams of dry, finely ground
material ( or 5 to 20 grams of fresh material), depend­
ing on the pectic content, is boiled in a flask fitted 
with a reflux condenser with 100 c.c. of N/30 hydro­
chloric acid for 30 minutes. (In case fresh material 
is used the approximate moisture content of the mat­
erial should be taken into account.) Boiling is then 
stopped and the mixture allowed to cool somewhat. It 
is then neutralized by the addition of 3.33 c.c. of 
N/l sodium hydroxide solution. Next 10 c.c. of 11 per 
cent neutral ammonium citrate solution is added and the 
mixture is boiled for an additional 30 minutes. It is 
again allowed to cool and transferred to 250 c.c. vol­
umetric flasks. The cooled solution is made to volume 
with distilled water, mixed, and filtered through 
loose filter paper. Whatman No. 4 has been found very 
suitable. Pectates are now determined in this filtrate 
by transferring a 100 c.c. aliquot to an 800 c.c. bea­
ker, diluting to 400 c.c. with water and adding 50 c.c. 
of each N/l acetic acid and M/l calcium chloride.
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The calcium pectate so produced after standing several 
hours is filtered off cold, washed with distilled 
water a^number of times, and returned to the beaker.
It is suspended in about 300 c.c, of water and boil­
ed a few minutes. It is again filtered, washed until 
free from chlorides, transferred to a small beaker 
with a little water, dried for 6 to 8 hours at 103°C, 
and weighed,
Pectin is determined in The filtrate by deter­
mining the total pectic material and subtracting the 
pectates. The total pectic material is determined by 
adding 10 c,c, of N/l sodium hydroxide solution to 
100 c,c, of the filtrate and allowing to stand over 
night. This saponifies the pectin fraction. Next 
day 50 c.c. each of N/l acetic acid and M/1 calcium 
chloride is added and the calcium pectate determined 
as in the preceding case.
The preliminary treatment of material to be an&kl^ 
probably should be such as to eliminate certain enzymes, 
as for instance pectase. vftiile it is not known at pre­
sent ;just what interference such enzymes might intro** 
duce, it is known that pectase is very widely distri­
buted in vegetable materials and certain conditions of 
preparation of the material might permit considerable 
alteration to occur in the relative amount of protopec­
tin and pectates. A suggested method of preserving the 
sample would be to place the mascerated material quickly
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into boiling alcohol, This should destroy enzymes, 
and at the same time permits the sample to be stored 
until it is convenient to complete the analysis,
II* Transformation of the Pectic Materials in Peaches* 
The methods employed to extract pe-ctates from 
vegetables were applied to peaches at different stages 
of ripening, but at no time was it possible to demon­
strate the presence of pectates. This fact lead to 
a further study of the pectic transformations in this 
typical fruit during ripening and storage. In con­
trast to vegetables the insoluble pectic material in 
peaches appears to consist only of protopectin. There­
fore, the chief transformation of this material in the 
tissue would be its conversion into pectin.
Method of Analysis*
The method used for determining the pectin and 
protopectin in peach tissue was as follows; from 4 
to 6 peaches, as nearly representative and uniform 
as possible, were used for a sample. These were halv­
ed and the stones removed. One half of each peach 
was then passed through a food chopper to pulp the 
tissue. Samples of 50 grams were then extracted in 
large mortars by mascerating the pulp with successive 
hO c,e, of water until tests showed the extraction of
pectin to be practically complete. Four extractions 
of two minutes each was found sufficient. Almost
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none of the tissue passed through the cheesecloth 
used for filtering off the solution after each ex­
traction* The collected extracts were transferred 
to a 250 c.c* volumetric flask and made to mark with 
distilled water. After thoroughly mixing 100 c*c. 
portions of the solution were centrifuged for about 
20 minutes* The clear supernatant liquid was then 
filtered and 50 c.c* of the filtrate used for deter­
mination of soluble pectin, toy une Carre and Haynes 
me thod*
The residue of peach tissue after the final 
extraction was transferred to a small beaker and cov­
ered with 50 c.c. of 9b°/b alcohol. After standing a 
day or more this was poured off and a new 50 c.e. 
volume added. The latter was finally drained off and 
the tissue was dried in a vacuum oven at 7Q°C. After 
grinding the dry material to pass a 40 mesh sieve, the 
sample which amounted to from 0.6 to 1.2 grams, was 
heated with 100 c.c. of N/30 HCl for one hour under 
a reflux condenser. The hydrolysed mixture was trans­
ferred to a 250 c.c. volumetric flask, neutralized toy 
adding 5.30 c.c. of N/l NaOH solution, and made to 
mark. The mixture was filtered and an aliquot of the 
filtrate taken for determination of pectin according 
to the Carre and Haynes method.
Transformation of protopectin into pectin during ripen­
ing of pa acnes in storage.
In order to find what relation existed between the
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protopectin and the pectin during ripening in storage, 
a halt bushel of Crawford peaches were picked from
U (Ithe tree hard ripe and stored in the laboratory at 
an average temperature of approximately db0!*. One 
sample was taken immediately and others at subsequent 
{periods as the ripening of the fruit progressed. The 
results obtained are given in table XI*
TABLE XX. Changes in relative amounts of pectin and 
protopectin in Crawford Peaches during 
ripening in storage.
Soluble pectin Protopectin 
* %
Sampled at once 0*142 0*610
Stored at 66°F for 3 days *363 *452
Stored at 65°F for 7 days *656 .260
Stored at 6b°F for 13 days *639 *143
The close relationship between the increase in 
amount of soluble pectin and decrease of protopectin 
is brought out more strikingly by Figure 5. It will 
be noted that the curves are almost exactly inverse.
In this series of analyses, the softening of the 
fruit went hand in hand with the increase in soluble 
pectin and the decrease of protopectin. At the be~ 
ginning of the experiment the tissue would not give
upon pressure from the thumb. After 7 days the tissue
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was uniformly soft, while at the end of IS days it was 
somewhat more firm and tough, considerable water having 
been lost.
Peotio changes in peaches during ripening on the tree 
and in storage at different temperatures.
A number of hard ripe peaches as nearly uniform
as possible, were selected on the tree. While they
were still hard they had begun to show development of
oolor. One lot of fruits was tagged and left on the
tree. This was designated lot I. : A second lot was
picked and sampled immediately while a third lot was
placed in a refrigerator at 37.6°F, and a fourth lot
stored t in a constant temperature chamber at 73°F.
After three days, samples were taken from lots 1,
3 and 4 for analysis. The results are given in table
XII. and Figure 6*







Lot I left on tree, daily mean 60°F 0.196 0.635
Lot II T,Hard-ripe" sampled at once .341 .643
Lot III Stored at 37.6°F .303 .587
Lot IV Kept at 73°F .630 .377
At the end of three days the peaches on the tree
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were still hard. Those Kept at the cold temperature 
(S7#69F) were also still hard. However those Kept 
at the high temperature (V2^ } were extremely soft 
at the end of this time. By inspection of the table 
it will be seen that in every case where the peaches 
were still hard the soluble pectin was low and the 
protopectin high, while in the one case where the 
peaches were soft the soluble pectin was high and 
the protopectin low. This indicates very conclusive­
ly the relationship between the insoluble or proto­
pectin and the soluble pectin. The softening of the 
tissue is really the result of this transformation.
An interesting observation was the fact that the peaches 
left on the tree did not soften although the average 
daily temperature was fairly high (bO0?). The first 
experiment showed that peaches Kept at 65° off the 
tree softened quite rapidly. The picking of the fruit, 






0 6 12r6 9 lb Days
Figure 5. The course of pectic transformation in Crawford peaches during ripening.





0 1 a 3 Days
Figure 6. Effect of temperature and removal from tree on rate of petftin trans­
formation in Crawford peaches. A. left on tree; B, stored at 37.6°®; C, 
stored at 7S°F. Capital letter indicate pectin; small letters, protopectin.
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Ill* Amounts of Protopectin and Pectates in Different 
Plant Tissues.
During the course of the previous work analyses 
of the pectic constituents were collected for a variety 
of tissues. While these were not always determined in 
exactly the same manner and therefore cannot be con­
sidered as entirely comparative, it is believed worth 
while to include them here. In a few cases the proto­
pectin and pectates were not determined individually 
but were determined as a whole, and in those cases the 
figures for protopectin and pectin are absent. Proto* 
pectin id,of course, estimated on the basis of the 
pectin which it will yield, as must be done until its 
molecular nature is made known. All values are cal­
culated as calcium pectate. These results are given 
in table XIII,
TABLE XIII* Per cants of protopectin, pectate, and to­
tal pectic material in various tissues, 
all calculated in terms of calcium pectate.
Material 
(Air dry)
Protopectin Pectate Total Pectic 
Material
Peach 26.18 0.00 28.18
Onion 1*21 6.96 7.17
Parsnip 2.61 7.24 10*06
Potato 2.31 1.20 3.51
Pea roots .... 1.99 ....
Clover hay .... .... 5.03
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SUMMARY ARB COHCLUSIORS,
1. Mangin*s claim that the insoluble pectic consti­
tuents occur in plants in two forms has been complete­
ly verified*
2. An important difference between the insoluble pec­
tic constituents has been indicated. Protopectin, 
which by dilute acid hydrolysis gives rise to pectin, 
and pectates, which comprise pectic acid and its metal­
lic salts, were both demonstrated in a number of vege­
tables * But only protopectin was found in peaches at 
any period of ripening. (This was found in large am­
ount in contrast to vegetables, which are characteriz­
ed by relatively small amounts of protopectin and 
large amounts of pectates. Shis would lead us to ex­
pect that the pectic transformations in vegetables and 
fruits would be very different. She protopectin in 
fruits changes during the process of* ripening into 
pectin, - a substance having little adhesive power. 
Protopectin seems to be the sole "cement11 which holds 
the cells together. In vegetables, on the other hand, 
the protopectin is rather insignificant in comparison 
to the pectates, and even though it should be convert­
ed into pectin we should scarcely expect the cell walls
to separate, because of the abundance of pectate which 
likewise acts as a cement and keeps the cells united,
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Finally it seems reasonable to expect that cases will be 
found where the conversion of protopectin into pectin 
will occur in cell walls containing the pectates, and 
that a tissue thus constituted will be soft and tender 
yet cohering because of the adhesive nature of the pec-* 
tates*
3* A detailed study was made of the Carre method 
for the quantitative determination of protopectin in 
fruits, with the view of standardizing it for use with 
vegetables* On account of the abundant pectates found 
in vegetables the method was not applicable to these 
tissues*
4* Neither protopectin nor pectate can be removed
9
from vegetables separately but they can be removed 
simultaneously and the resulting pectin and pectate 
separated afterwards*
5, A method has been proposed for the simultaneous
removal and quantitative separation of the insoluble 
pectic aonstituents of vegetables*
6* A study was made of the pectic transformation in
peaches, a typical fruit, during ripening on the tree 
and during storage at different temperatures* All of 
the pectin found was accounted for by the transforma­
tion of protopectin* Temperature was found to have 
a profound influence on the rate of pectic changes dur­
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ing ripening in storage. They were also accelerated 
after removal of the fruit from the tree t even though 
the temperature of storage was no higher than the air 
temperature around the tree.
7. Finally, a comparison was made of a variety of 
plant tissues in respect to the amounts of the dif­
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